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(57) ABSTRACT

A radiological imaging apparatus includes an 1imaging appa-
ratus having an opening for insertion of a bed thereinto, and
an attenuation correction data creating device. The imaging
has a plurality of radiation detectors disposed around the
opening and a plurality of gamma ray generation units resid-
ing between the opening and the radiation detectors disposed
at a position nearest to the opening and being placed 1n a
longitudinal direction of the bed. Each y-ray generation unit
has v-ray sources of single photon emission nuclear species
and 1s arranged to externally radiate a y-ray alternately from
either one of the y-ray generators toward the opening. The
data creator prepares attenuation correction data based on a
detection signal as output from the radiation detector due to
the incoming radiation of v-rays from the y-ray generator.

4 Claims, 9 Drawing Sheets
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RADIOLOGICAL IMAGING APPARATUS
AND TRANSMISSION IMAGING METHOD

FIELD OF THE INVENTION

The present mvention relates to a radiological imaging
apparatus for nuclear medicine diagnosis which performs
transmission imaging using an external radiation source(s)
and a transmission 1maging method adaptable for use there-
with.

DESCRIPTION OF THE RELATED ART

Radiological 1maging apparatuses typically include
gamma cameras, single photon emission computed tomogra-
phy (SPECT) apparatus, and positron emission tomography
(PET) apparatus.

In medical mspection using such readiological 1maging
apparatus, a radiopharmaceutical which contains therein a
material having its nature of cumulating at a specific region 1s
administered or doped 1nto an object to be inspected, such as
the body of a patient or examinee. A radiation detector or
detectors are used to detect gamma (y) rays as radiated from
alfected part of the examinee due to the radiopharmaceutical
cumulated at such part. The y-rays as emitted from the exam-
inee’s alfected part have a specific energy peak: in the case of
ispection using PET apparatus, a radiopharmaceutical of
about 511 keV 1s used; in the case of inspection using SPECT
apparatus, a radiopharmaceutical of about 100 keV 1s used.
The radiological imaging apparatus 1s operatively responsive
to receipt of a detection signal as output from the radiation
detector that detected the y-rays, for creating a tomographic
image (to be referred to as “functional 1image™ hereinatter)
which includes an image of the radiopharmaceutical’s cumu-
lated part. This 1s called the emission imaging, also known as
emission measurement.

The emission imaging typically includes two-dimensional
(2D) 1imaging and three-dimensional (3D) imaging. The 2D
imaging 1s a technique for performing 1mage pickup by pro-
viding a septum between detectors so that the detection sen-
sitivity 1n the axial direction of an 1imaging apparatus becomes
uniform while at the same time enabling suppression of the
influence of scattered radiation. However, the sensitivity of
the entire 1imaging apparatus 1s low so that a time taken to
collect data necessary for function 1image creation becomes
longer. On the other hand, the 3D 1imaging without the use of
septa 1s such that the detection sensitivity of the entire imag-
ing apparatus 1s high so that the time taken to collect data
necessary for the function 1mage creation becomes shorter,
although it 1s encountered with problems including the diffi-
culty 1n keeping uniform the detection sensitivity 1n the axial
direction of the imaging apparatus and the risk as to unwanted
mixture ol noises due to scattered rays and random coinci-
dence. In recent years, the 3D 1maging i1s becoming more
important because of the requirement for improvement 1n
throughputs.

The v-rays to be emitted from an examinee are attenuated
(absorbed) upon transmission through his or her body. In
order to retain the quantitatively in the mspection using the
radiological 1maging apparatus, 1t becomes important to
evaluate the y-ray’s attenuation quantity (absorption amount)
within the body and also to correct based on such evaluation
the v-ray attenuation during emission measurement—i.e.,
attenuation correction or absorption correction. Measure-
ment for collection of the data required for such attenuation
correction or “transmission data” 1s called the transmission
imaging, also known as transmission measurement. The
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transmission 1maging uses an external gamma ray source
(referred to hereinafter as external radiation source) as dis-
posed between the examinee and the radiation detector: a
collection method of the transmission data i1s different
depending upon the type of such external radiation source.
Examples of the external radiation source are a rod-shaped
radiation source using °*Ge—°*Ga (germanium 68-gallium
68) that 1s a positron nuclear species and a point source of
radiation using '°’Cs which is a single photon emission
nuclear species.

The rod-like radiation source of ®*Ge—°*Ga radiates a pair
of y-rays having an energy of 511 keV 1n a direction of 180°.
In the transmission 1imaging using the rod radiation source,
either one of the paired y-rays as emitted from the rod radia-
tion source passes through the body of an examinee and 1s
then detected by a radiation detector while preventing the
other y-ray from penetrating the examinee’s body for detec-
tion by another radiation detector. Based on respective detec-
tion signals as output from the radiation detectors that
detected the v-rays, simultaneous or “coincidence’ counting
1s performed to thereby collect the transmission data between
such detectors. In the inspection using the PET apparatus
(1.e., PET inspection), a post-injection method 1s employed
which has the steps of doping a radiopharmaceutical in an
examinee, and, after the elapse of a prespecified length of
time required for the cumulation of such radiopharmaceutical
to an internal organ being inspected (e.g., 30 to 60 minutes),
continuously performing transmission imaging and emission
imaging operations. In this case, since both the y-ray as emit-
ted from the °*Ge—°°Ga rod radiation source and the y-ray to
be emitted due to the radiopharmaceutical that has cumulated
within the examinee’s body are at 311 keV, unwanted data
mixture can occur between the transmission and the emission,
resulting 1n a likewise increase 1n noises. Additionally, the
one y-ray that 1s emitted from the rod radiation source does
not pass through the object being inspected and behaves to
directly hit the radiation detector as disposed at a location
adjacent to the bar radiation source. Consequently, such
radiation detector gets higher in count rate, which leads to the
presence of a limit to the emission intensity of such rod
radiation source.

On the contrary, the point radiation source of '°’Cs (cesium
13°7) has a shield for controlling a radioactive material and the
irradiation direction of y-rays and for shaping a y-ray 1rradia-
tion region (e.g., mto a circular conic shape), and radiates
v-rays having an energy of 662 keV. In the transmission
imaging using the point radiation source, the radiated y-rays
having 1ts shaped 1rradiation form passes through the body of
an examinee, followed by detection of such y-rays at radiation
detectors. PET apparatus 1s responsive to receipt of the posi-
tion 1information of a y-ray-sensed radiation detector(s) and
the position information of an external radiation source(s), for
collecting transmission data. In the case of using the *’Cs
point radiation source while employing the post-injection
method, the point radiation source-emitted v-rays and the
v-rays to be radiated from the examinee’s body are different in
energy from each other, so this approach offers an advantage
as to reduced data mixture between the transmission and the
emission. In addition, the point radiation source limits the
irradiation range of y-rays at a shielding vessel and collimator
to thereby ensure that no y-rays fall onto a radiation detector
which 1s disposed 1n close proximity to the point radiation
source whereby 1t 1s possible to increase the emission inten-
sity of the point radiation source while enabling collection of
transmission data less 1n statistics noises within a short length
of time period. In this way, the transmission data may be
improved in quality, resulting 1n improvement 1n functional
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image quality. From these viewpoints, the transmission imag-
ing using point radiation sources 1s currently the major
approach.

JP-A-9-264961 discloses therein a SPECT apparatus
which comprises a single external radiation source having a
shield for restriction of the irradiation region of a y-ray as
emitted from external point radiation source and a shutter that
1s provided at an opening of the shield for providing forward/
backward driving in the horizontal direction. This Japanese
patent bulletin JP-A-9-264961 teaches a technique for caus-
ing the shutter to open and close to thereby control the radia-
tion start and interruption of y-rays from the external radiation
source. A radiation detector 1s placed at a location whereat 1t
opposes the external radiation source and rotates together
with the external radiation source in units of supported rota-
tion steps. Transmission 1mage pickup using such sole exter-
nal radiation source becomes narrower 1n 1maging field-oi-
view within the 1magable range of an 1maging apparatus.
Additionally 1n transmission imaging with movement, an
imaging time becomes longer.

U.S. Pat. No. 6,040,580 discloses therein a PET apparatus
and SPECT apparatus with a plurality of point radiation
sources being disposed along the length of a bed within an
imaging apparatus. The PET apparatus and SPECT apparatus
include a collimator which 1s provided between adjacent ones
of the point radiation sources to thereby ensure that y-rays
emitted from these point sources fall onto the same radiation
detector at a time. In such combination of the point radiation
sources and collimators as taught by U.S. Pat. No. 6,040,580,
an 1ncrease 1n radiation source intensity in order to shorten the
imaging time brings a need to increase the thickness of each
collimator; accordingly, increasing the intensity does not
come without accompanying limits. Additionally, the PET
apparatus and SPECT apparatus as taught by U.S. Pat. No.
6,040,580 are such that detectors are positioned at part of a
ring, so the imaging field-of-view within the cross-section of
an 1maging device must be limaited.

The transmission imaging using a sole point radiation
source suffers from the narrowing of field-of-view along the
length of the bed. In cases where all the regions to be
inspected are incapable of being 1mage-sensed at a time (for
example, 1n entire body inspection for cancer check), image
pickup 1s done by subdividing the to-be-inspected region into
a plurality of portions with overlapping 1imaging areas while
causing either the imaging or the bed to move. However, 1n
the transmission 1maging with movement, a need 1s felt to
retain an increased overlapping width, which 1n turn requires
an increased length of time for the whole-body transmission
imaging. Alternatively in the brain functionality mspection
and heart function check without the bed motion, 1t 1s required
to perform the imaging of a target internal organ, such as brain
or heart, at a single imaging position while letting the imaging
or the bed stay motionless. Unfortunately, the point radiation
source 1s mnherently narrow 1n 1image pickup range, so it 1s
difficult to achieve the imaging of every inspection object
range (all parts of interest) at a time.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
a technique for achievement of a wide field of view while
emitting a radiation ray from one of a plurality of point
radiation sources used and to shorten a time required for
transmission 1maging.

To attain the foregoing object, aradiological imaging appa-
ratus in accordance with one aspect of this invention includes
an 1maging apparatus with an opening being formed for imnser-
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tion of a bed thereinto, and an attenuation correction data
creation device. The 1maging apparatus has a plurality of
radiation detectors disposed around the opening and a plural-
ity of gamma (v) ray generation means residing between the
opening and the radiation detectors which are placed at a
position nearest to the openming and being disposed along the
length of the bed. The plurality of y-ray generation means
respectively comprise y-ray sources each being a single pho-
ton emission nuclear species and have an arrangement for
alternately radiating a v-ray from either one of the y-ray
generation means to 1ts outside and toward the opening. The
attenuation correction data creation device 1s operable to cre-
ate attenuation correction data based on a detection signal as
output from the radiation detectors due to incoming radiation
of the v-ray to be emitted from the y-ray generation means.

In accordance with another aspect of this invention, a
radiological imaging apparatus includes an 1maging appara-
tus with an opening being formed for mnsertion of a bed
thereinto, and an attenuation correction data creation device.
The imaging apparatus has a plurality of radiation detectors
disposed around the opening and a y-ray generation unit
which 1s a single photon emission nuclear species and which
has a plurality of y-ray sources that are disposed between the
opening and the radiation detectors disposed nearest to the
opening and a plurality of release windows for radiating
v-rays from the v-ray sources toward the opening. The v-ray
generation unit has an arrangement for alternately radiating
the y-ray from either one of the release windows. The attenu-
ation correction data creation device creates attenuation cor-
rection data based on a detection signal as output from the
radiation detector due to incoming radiation of the y-ray to be
emitted from the y-ray generation unit.

With the radiological imaging apparatus incorporating the
principles of the mvention, 1t 1s possible to achieve a wide
field of view by using the point radiation sources and also to
shorten the time required for the transmission imaging.

Other objects, features and advantages of the invention will
become apparent from the following description of the
embodiments of the invention taken 1n conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a configuration diagram showing a cross-sec-
tional structure in the long-side direction of a bed of an
imaging apparatus ol PET apparatus which 1s one embodi-
ment of the present invention.

FIG. 2 1s a diagram showing effective field of view (FOV)
in cross-section and eflective axial field of view (AFOV) 1n
the case of using a point source of radiation.

FIG. 3 1s a diagram pictorially illustrating a cross-sectional
structure of external point radiation sources of the PET appa-
ratus shown in FI1G. 1 in the axial direction of a point radiation
source holding rotation shatt.

FI1G. 4 1s a diagram pictorially showing arrangements of an
internal gear, a rotational ring and the point radiation source

holding shatft.

FIGS. 5A to 5C are diagrams pictorially showing arrange-
ments of external point radiation sources and the point radia-
tion source holding rotation shaft, wherein FIG. 5A 1s a pic-
torial representation showing layout positions of the point
radiation sources, FIG. 5B 1s a pictonial diagram showing
layout positions of the point radiation sources in case an
external radiation source 1a emits a y-ray, and FIG. 5C 1s a
pictorial diagram showing layout positions of the point radia-
tion sources when an external radiation source 15 emits a

y-ray.
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FIGS. 6 A and 6B are diagrams pictorially showing FOV in
the case of two point sources of radiation being simply dis-
posed, wherein FIG. 6A 1s a pictorial diagram showing FOV
in case point radiation sources with a fan angle of 0 are
disposed, and FIG. 6B 1s a pictorial diagram showing layout
positions of the point radiation sources 1n case FOV becomes
maximal.

FIG. 7 1s a pictorial diagram showing the layout positions
of the point radiation sources shown i FIG. 1 and vy-ray
release regions thereof.

FIG. 8 1s a pictonial diagram showing layout positions of
point radiation sources of PET apparatus which 1s another
embodiment of this invention and vy-ray release regions
thereof.

FI1G. 91s a graph for comparison of a field of view for image
pickup 1n case two point radiation sources are simply dis-
posed and the imaging field-of-view when using the two
external point radiation sources shown in FIG. 1.

FI1G. 10 1s a graph for comparison of an imaging field-oi-
view 1n case three point radiation sources are simply laid out
and the imaging field-of-view when using three external point
radiation sources 1n accordance with another embodiment of
this invention.

FIG. 11 1s a plan view showing an arrangement of PET
apparatus which 1s one preferred embodiment of this mven-
tion.

FI1G. 12 1s adiagram pictorially showing the PET apparatus
shown 1n FIG. 11.

FI1G. 13 1s a configuration diagram showing a unit substrate
shown 1n FIG. 12.

DETAILED DESCRIPTION OF THE INVENTION

Currently preferred embodiments of the invention will be
described with reference to the accompanying drawings
below.

Embodiment 1

A radiological imaging apparatus as one preferred embodi-
ment of this mvention will be described using some of the
accompanying drawings. The imaging apparatus of this
embodiment will be explained while taking as an example a
positron emission tomography (PET) apparatus having two
external radiation sources using a chosen single photon emis-
sion nuclear species, such as ~>’Cs (cesium 137).

As shown 1 FIG. 11, the PET apparatus 100 includes an
imaging apparatus 11, a bed (bunk) 15, a data processing
apparatus 23 including a data accumulation device or data-
base, and a display device 24. The data processor 23 has as
shown 1n FIG. 12 a signal discrimination device 28, coinci-
dence counter 25, tomographic image data creation device 26,
transmission data processing device (attenuation correction
data forming device) 29, storage device 30, and radiation
source position detection device 33. The signal discriminator
28 1s connected to the comcidence counter 25 and the attenu-
ation correction data creator 29. The coincidence counter 23
1s connected to the tomographic 1image information creator
26. The attenuation correction data creator 29 1s coupled to
the storage device 30. This storage device 30 1s connected to
the tomographic 1image information creator 26. The tomo-
graphic 1mage mformation creator 26 i1s connected to the
display device 32.

As shown 1n FIG. 12, the imaging apparatus 11 has a
cylindrical opeming (through-hole) 17 for permitting inser-
tion of the bed 15 thereinto, with a plurality of detector units
12 being installed to surround this opening 17. The detector

10

15

20

25

30

35

40

45

50

55

60

65

6

units 12 have a plurality of unit substrates 41 along the length
of the bed 15. As shown 1n FIG. 13, each unit substrate 41 has
a plurality of semiconductor radiation detectors 21, a plurality
of analog application-specific integrated circuits (ASICs) 40,
a plurality of data acquisition ICs 38, and a data combining or
“synthesis” 1C 39. Fach analog ASIC 40 has a plurality of
signal processing devices 27. The data acquisition I1C 38 has
a plurality of packet data generation devices 36 and a data
combining device 37. The radiation detectors 21 are placed
around the opening 17 to surround the same. Radiation detec-
tors 21 are also laid out along the length of the bed 15. More
than two banks of radiation detectors 21 are disposed in a
radial direction of the opening 17. The radiation detectors 21
are connected to separate signal processors 27, respectively.
In other words, the signal processors 27 are provided 1n units
of the radiation detectors 21. Multiple respective signal pro-
cessors 27 are connected to the packet data generator 36.
Packet data generators 36 are connected to the data combiner
37. Data combiners 37 are connected to the data combiner IC
39. This IC 39 1s connected to the signal discriminator 28 as
provided 1n the data processor 23.

Additionally as shown 1n FIG. 1, the imaging apparatus 11
has a casing 19 having its interior in which provided are a
couple of external radiation sources 1a and 15 and a radiation
shield vessel 13 plus a hollow circular rotational ring 5. An
internal gear 8 which surrounds the circumierence of the
opening 17 and which has a rack formed therein 1s disposed
inside of the casing 19 and 1s fixed to the casing 19 to thereby
have no rotatability. The internal gear 8 1s attached to the
casing 19 while offering slidability 1n the long-side direction
of the bed 15. The external radiation sources 1a-15b are placed
between the opening 17 and the radiation detectors 21 that are
disposed nearest to the opening 17. The external radiation
sources 1a-1b are placed in parallel along the length of bed 15
and are supported by a radiation source housing supporting
rod 6 that 1s fixed to the rotational ring 5. The radiation source
housing support rod 6 has therein a radiation source holding
rotational shaft 9. The radiation source holding rotational
shaft 9 penetrates the rotational ring 5 and has a gearwheel 10
at 1ts distal end. The gearwheel 10 1s inserted into the internal
gear 8 and 1s engaged with a rack as formed inside of the
internal gear 8 (see FIG. 4). A rotation dniving device 7 1s
disposed within the casing 19 and has an electric motor (not
shown), a power transmission mechanism (not shown) and a
gearwheel 22. The power transmission mechanism 1s coupled
to the motor. The gearwheel 22 1s attached to a rotation shaft
of the power transmission mechanism. The gearwheel 22 1s
engaged with the rack as formed 1n the rotational ring 5. A
rotation angle detection device 34 which 1s coupled to the
rotation detector 7’ s rotation shait and a rotation angle detec-
tor 35 that 1s coupled to the rotation shait of the radiation
source holding rotation shaft 9 are connected to the radiation
source position detector 33, respectively.

As shown 1n FIG. 3, the external radiation source 1a has a
radiation source housing 18A, a transmission-use point
source of radiation (*°’Cs, to be referred hereinafter as “point
radiation source”) 2a and a shield 4a. The point radiation
source 2a and shield 4a are placed inside of the radiation
source housing 18A. The radiation source housing 18 A has a
radiation release window (radiation exit hole) 3a as formed
therein, which 1s for shaping a gamma (v) ray as emitted from
the point radiation source 2a mto a desired shape and for
releasing resultant y-ray toward the outside of the radiation
source housing 18A. The radiation release window 3a 1s
formed at a position for outward release of the y-ray being
emitted from the point radiation source 2a toward the opening
17. The radiation source housing 18 A 1s a radiation shielding
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structure for shielding or blocking those y-rays as externally
emitted from those regions other than the radiation release
window 3a. The radiation source housing 18 A and the radia-
tion source housing support rod 6 are structurally integrated
together. The shield 4a 1s fixed to the radiation source holding
rotational shatt 9 within the radiation source housing 18A.
The point radiation source 2a 1s 1nstalled at a surface portion
ol the shield 4a.

The external radiation source 15 has a radiation source
housing 18B, point radiation source 26 and shield 45. The
point radiation source 26 and shield 45 are disposed within
the radiation source housing 18B having a radiation release
window 35 formed therein, which 1s similar to the radiation
release window 3a. The radiation source housing 18B 1s
coupled to the radiation source housing 18B. The shield 46 1s
attached to the shield 4a by way of a rotation shait 9a which
1s placed within the radiation source housings 18 A and 18B.
The point radiation source 26 that 1s provided at a surface
portion of the shield 46 1s placed at a position which 1s
180°-shifted relative to the point radiation source 2a 1n the
rotation direction of the radiation source holding rotational
shaft 9.

Below 1s an explanation as to transmission imaging and
transmission imaging methods 1n the illustrative embodi-
ment. In this embodiment, heart function mspection of a
patient or examinee 1s taken as an example thereof for expla-
nation of a case where it employs an emission/transmission
simultaneous image pickup method (E'T coincidence imaging
method) which performs the emission imaging and the trans-
mission 1maging simultaneously.

Prior to execution of PET mspection, a radiopharmaceuti-
cal (e.g., "°F) is pre-doped by an injector into an object to be
ispected, such as the body of an examinee 14. The examinee
14 waits ready for a certain time (30 to 60 minutes) until the
PET-use chemical that was doped 1nto the examinee 14 dii-
fuses 1n his or her body and then 1s accommodated in heart
muscle that 1s a portion to be inspected and 1s next cumulated
therein. Thereafter, let the examinee 14 lie on the bed 15.

An operator manually operates a button as provided on an
operation console (not shown) so that an inspection start
signal 1s output to a supervisory system control unit (not
shown). Upon mput of the imnspection start signal, the system
controller outputs information as to an inspection target range
of the examinee 14 and a bed movement start signal to a bed
motion control unit (not shown). This bed motion controller 1s
responsive to receipt of the start signal, for moving the bed 15
based on the input information 1n such a way that the heart of
examinee 14 to be mspected enters the y-ray detection area
(opening 17) of the PET apparatus 100. The system controller
also outputs a radiation source positioning signal to a straight-
torward or “linear” driving device (not shown). In responding
to this signal, the linear driver causes the radiation source
housings 18 A-18B, rotational ring 5, radiation source hous-
ing support rod 6 and external radiation sources 1la-1b to
move together 1n an axial direction of the opening 17 (1.e., in
a longitudinal direction along the length of bed 15). Owing to
such movement, the external radiation sources 1la-15 are
taken out of the radiation shield vessel 13 and then placed at
prespeciiied locations. In this state, transmission imaging and
emission 1imaging get started.

An explanation will first be given of the transmission imag-
ing. The system controller closes an open/close device (not
shown) which 1s connected to a power supply as coupled to
the motor of the rotation driver 7. The supply of a current
causes the motor to rotate, resulting 1n transmission of 1ts
rotation force to the gearwheel 22 via the power transmission
mechanism. Owing to the rotation of the gearwheel 22, the
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rotational ring 5 rotates around the opening 17 1n a direction
indicated by arrow (1n FIG. 4). By the rotation of rotational
ring 5, the external radiation source 1a, 16 and the radiation
source housing support rod 6 and others circulate around the
circumierence of opening 17, that 1s, the examinee 14. Fur-
ther, by the rotation of rotational ring 5, the gearwheel 10
being engaged with the rack of internal gear 8 rotates, causing
the radiation source holding rotational shaft 9 and point radia-
tion sources 2a-2b plus shields 4a-4b to rotate in a direction of
arrow as indicated in FIGS. 5B and 5C. When the point
radiation source 2a 1s at a position other than the radiation
release window 3a, the shield 4a blocks y-rays being radiated
from the point radiation source 2a to thereby prevent irradia-
tion toward the opening 17 through the radiation release win-
dow 3a. When the point radiation source 25 1s at a position
other than the radiation release window 34, the shield 454
shields y-rays being emitted from the point radiation source
26 to thereby prevent 1rradiation toward the opening 17 from
the radiation release window 3b. Furthermore, since the point
radiation sources 2a-2b are disposed at 180°-shifted positions
respectively as stated previously (see F1G. 5A), the rotation of
them results 1n the y-ray being released out of an external
radiation source which 1s either one of the external radiation
sources 1la and 1b. The y-rays are alternately emitted from
either one of the external radiation sources 1a-1b.

After having passed through the examinee 14, these y-rays
are detected by more than two radiation detectors 21 which
are placed in a circumierential direction with a radiation
detector 21 being as the center, which resides on extension
lines of respective straight lines that couple together the axis
center of the opeming 17 and the pointradiation source 2a, 25.
These radiation detectors 21 output to separate associated
signal processors 27 v-ray detection signals (namely, trans-
mission signals) corresponding to the energies of such y-rays.
In response to receipt of the transmission signals as output
from respective radiation detectors 21, the signal processors
27 generate timing signals for specilying detection time
points of the y-rays. The timing signals generated are sent
forth toward a packet data generator 36. The packet data
generator 36 determines based on the timing signals a y-ray
detection time point (t) to thereby 1dentity a detector ID (i.e.,
ID for judging the radiation detector 21) N. In addition, the
signal processors 27 generate based on the transmission sig-
nals the wave height value information of v-rays, which will
be sent to the packet data generator 36. The packet data
generator 36 converts the wave height value information into
digital pulse height value data (E). The packet data generator
36 adds the pulse height value data (E) to the time information
(t) and detector ID (N) to thereby produce packet data (N, T,
E). The packet data (N, T, E) will then be transferred to the
signal discriminator 28 via the data combiner 37 and data
combiner IC 39.

Next, the emission 1maging will be explained. From the
body of the examinee 14 lying on the bed 15 which 1s mserted
into 1nside of the opening 17, a pair of y-rays of 511 keV as
generated due to the radiopharmaceutical are emitted 1n
almost every direction. Each ray of such paired v-rays is
sensed by respective radiation detectors 21 that are placed 1n
180° opposite directions. These radiation detectors 21 output
respective y-ray detection signals (say, emission signals) cor-
responding to suchy-rays’ energies, which signals are input to
their corresponding signal processors 27. In responding to the
emission signals as output from respective radiation detectors
21, the signal processors 27 generate timing signals for 1den-
tification of a y-ray detection time point. The timing signals
thus generated are passed to the packet data generator 36. The
packet data generator 36 determines based on the timing
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signals the y-ray detection time (t) and 1dentifies detector 11D
(ID for discrimination of radiation detector 21). In addition,
the signal processors 27 generate based on the transmission
signals the wave height information of y-rays, which will be
transierred to the packet data generator 36. The packet data 5
generator 36 converts the wave height information mto digital
pulse height value data (E). The packet data generator 36 adds
the pulse height value data (E) to the time information (t) and
detector ID (IN) to thereby generate packet data (N, T, E). The
packet data (N, T, E) will then be sent to the signal discrimi- 10
nator 28 via the data combiner 37 and data combiner 1C 39.
Additionally, let the position mnformation of radiation detec-
tor 21 be first position information.

The signal discriminator 28 1s responsive to receipt of the
packet data having the pulse height value data of a first setup 15
range, for outputting such the packet data to the attenuation
correction data creator 29. Upon mputting of the packet data
having the pulse height value data of a second setup range, 1t
outputs the packet data to the coincidence counter 25. In this
embodiment, the y-ray energy for irradiation to the examinee 20
14 15 662 keV, so let the first setup range be a range of from
600 keV to 680 keV. As the y-ray energy due to the radiop-
harmaceutical 1s 511 keV, let the second setup range be a
range of 450 to 530 keV. In short, the signal discriminator 28
determines or “qudges” based on the pulse height value data 25
contained 1n the packet data which one of the v-ray radiated
from the external radiation source 1a, 15 and the y-ray emitted
due to the PET-use radiopharmaceutical induces production
of the 1input packet data. Based on such decision result, the
signal discriminator 28 outputs the packet data to either the 30
attenuation correction data creator 29 or the coincidence
counter 25 as stated previously.

Below 1s an explanation as to a method for acquiring the
external radiation source position imformation at the time
point T. The radiation source position detector 33 obtains the 35
position information (second position information) ol respec-
tive point radiation sources 2a and 256 in the circumierential
direction of the opening 17 and the position information
(third position information) of respective point radiation
sources 2a and 25 1n the axial direction of the imaging 11 40
(axial direction of opening 17) and determines which one of
the point radiation sources 2a and 26 1s emitting the vy-ray,
resulting 1n acquisition of the position information (X) of the
point radiation source of this external point radiation source
that presently emits the y-ray. More specifically the rotation 45
angle detector 34 that 1s provided in the rotation driver 7
outputs to the radiation source position detector 33 a signal
indicative of the rotation angle of the rotational ring 3
(namely, rotation angle detection signal). The radiation
source position detector 33 obtains based on the input rotation 50
angle detection signal the second position information of
respective point radiation sources 2a and 2b. The radiation
source position detector 33 1s capable of obtaining, based on
shift amounts of the point radiation sources 2a-2b 1n the axial
direction of the imaging 11 by means of the linear driver, the 55
third position mformation of each of point radiation sources
2a-2b 1n the axial direction thereof. In addition, the radiation
source position detector 33 comprises a storage or memory
device (not shown) which stores the relationship of the rota-
tion angle of rotational ring 5 and the rotation angle of gear- 60
wheel 10—i.e., rotation angle mformation of the radiation
source holding rotational shait 9 corresponding to the rotation
angle detection signal of rotational ring 5. Upon input of the
rotation angle signal from rotation angle detector 34, the
radiation source position detector 33 reads the rotation angle 65
information of the radiation source holding rotational shatt 9
corresponding to such the rotation angle signal and then

10

determines based on this rotation angle imformation which
one of the point radiation sources 2a and 256 presently faces
the radiation release window. Whereby, the radiation source
position detector 33 recognizes either one of the external
radiation sources 1a-1b 1s radiating the y-ray. The radiation
source position detector 33 uses these information 1tems (1.€.,
the second position information, the third position informa-
tion, and the information mndicating which one of the external
radiation sources emits the y-ray) to obtain position informa-
tion (N1) of a point radiation source that 1s emitting 1ts y-ray
toward the examinee 14 and then adds time information (t) to
this position iformation (N1) for output to a point radiation
source position storage device 31. The point radiation source
position storage device 31 stores therein the point radiation
source position information (N1) and the time information (t)
as output from the radiation source position detector 33 1n a
correlated fashion.

The attenuation correction data creator 29 acquires, based
on the detection time point T of the packet data (N, T, E) as
input from the signal discriminator 28, the position informa-
tion of point radiation source at the detection time t from the
radiation source position detector 33. An example 1s that
when the attenuation correction data creator 29 1ssues a
request for position mformation (X1) of point radiation
source at a time point (t1), the radiation source position detec-
tor 33 outputs such the position information (X1) to the
attenuation correction data creator 29. The attenuation cor-
rection data creator 29 uses the point radiation source position
information and the detector ID contained 1n the packet data
plus the count value of y-ray detection signal to calculate the
attenuation ratio of y-ray at each voxel within the body of the
examinee 14. The attenuation correction data creator 29 func-
tions as an attenuation correction data creation device that
forms attenuation correction data. This attenuation ratio 1s
stored 1n the storage device 30 as the transmission data.

Upon acquisition of the attenuation ratio at every voxel
within the body of examinee 14, the system controller opens
the open/close device. Thereafter, the motor goes off, stop-
ping the rotation of the rotational ring 5. The system control-
ler outputs a point radiation source storage signal to the linear
driver. The linear driver drives the external radiation sources
1a-15 to move 1n the axial direction of the opening 17, result-
ing in these sources being recerved within the radiation shield
vessel 13. Whereby, the transmission imaging 1s completed.

The coincidence counter 25 performs coincidence count
processing based on each detection time point that 1s included
in each packet data as input from the signal discriminator 28,
the packet data being for each emission signal corresponding
to the above-stated paired y-rays. More specifically, 1n case a
difference between respective detection time points for a pair
of emission signals falls within the range of a preset time
window, 1t 1s decided that such paired emission signals are
due to a pair of y-rays as simultaneously produced based on
the annihilation of a single positron. The coincidence counter
25 outputs, through simultaneous counting based on one pair
ol packet data sets for a pair of y-rays, two detection points for
detection of each y-ray of such pair, 1.¢., the position infor-
mation of paired radiation detectors 21, to the tomographic
image mformation creator 26. The tomographic image infor-
mation creator 26 reads the transmission data out of the stor-
age device 30 and performs attenuation correction of the
count values of emission signals. Based on the count values of
these corrected emission signals and the detection point posi-
tion mformation, the tomographic image information creator
26 creates tomographic image information. This tomographic
image mformation 1s visually displayed at the display device

32.
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An mmaging field-of-view which 1s realizable when per-
forming transmission image pickup using the external radia-

tion sources 1a-1b of this embodiment will be described with
reference to FIG. 7. In this embodiment, a coordinate axis in
the horizontal direction passing through a center point O of
the opening 17 1s regarded as an “x” axis while letting a
coordinate axis 1n the vertical direction penetrating the center
O be a “y” axis and letting a coordinate axis in the axial
direction of opeming 17 be “z” axis (refer to FIGS. 6 A and
6B). Major parameters indicative of the imaging field-of-
view typically include an imaging field-of-view (FOV ) within
a longitudinal cross-sectional plane and an 1maging axial
field-of-view (AFOV) along the length of the bed 15 (see FIG.
2). The wider the regions of FOV and AFOV, the wider the
imaging field-of-view of transmission image pickup. In this
embodiment the installation range of radiation detectors 21 1n
the longitudinal direction of the bed 15 is represented by “d”
whereas the rotation diameter of the point radiation sources
2a and 2b revolving around the examinee 14 1s given as “t”
(FIG. 7). Suppose that the point radiation sources 2a-2b are
installed at coordinates (z,y)=(z_.r) and (z,y )=(d-z.r) respec-
tively 1n such a manner that these are symmetrically situated
relative to a mid point (1.e., point with 1ts z coordinate value of
d/2) of the 1nstall range of radiation detectors 21. Using this
symmetrical layout 1s aimed at equalization of a y-ray irra-
diation area of the point radiation source 2a and that of the
point radiation source 26 to thereby make respective FOVs
equal to each other.

As shown 1n FIG. 7, the point radiation source 2a radiates
a y-ray toward 1nside of a region that 1s defined between two
straight lines extending from the point radiation source 2a (on
the z axis, 1t 1lluminates a line segment AD). The point radia-
tion source 26 emits a y-ray toward inside of a region between
two straight lines extending from the point radiation source
2b (on the z axis, 1t 1lluminates a line segment EB). The
coordinates of points A and B on the zaxis are A(z,y)=(z./2,0)
and B(z,y)=(d-z./2,0). AFOV may be represented by Math-
ematical Expression (1) below, because it 1s the length of a
line segment AB (this 1s representable by a difference of
z-ax1s coordinates of the points A and B). While FOV 1s
different on the longitudinal cross-sectional plane of the
examinee 14 along the length of bed 15, a minimal value of
FOV may be given as Expression (2) below.

d — 7, (1)

1 (2)
zr(l—zs/d ‘1]

Another concervable approach to performing transmission
image pickup using a plurality of external radiation sources 1s
to use a technique for disposing two point sources of radiation
within a one longitudinal plane 1n the circumierential direc-
tion of the opening 17 (this will be called the simple layout)
and then radiating v-rays therefrom simultaneously as shown
in FIGS. 6 A and 6B. In the case of the transmission 1maging
being carried out with the simple layout of the point radiation
sources 2a-2b, a realizable imaging field-of-view 1s obtained
for comparison with that of this embodiment.

In case the radiation detectors 21 are disposed 1n a ring-like
form with the point radiation sources 2a-2b being placed 1n
the simple layout, AFOV 1s determined by the installation
range of the radiation detectors 21 disposed 1n the longitudi-
nal direction of the bed 15. Additionally the FOV 1s deter-

mined by the fan angle 0 of a conical shape of y-ray as emitted
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from the point radiation source 2a, 256 and the position in the
circumierential direction of the openming 17 with the point
radiation sources 2a-2b being placed. However, it 1s neces-
sary to dispose the external radiation source 1a, 15 1n such a
way as 1o satisiy the following conditions 1 and 2, the region
of FOV being limited thereby. The condition 1 1s as follows:
within the radiation range of a y-ray from the point radiation
source 2a (1.e., emission range ol point radiation source 2a),
the other point radiation source 256 1s not disposed. If the point
radiation source 25 1s present 1n the emission range ol point
radiation source 2a then the y-ray from the point radiation
source 2a 1s shielded by the radiation source housing 18A as
provided at the other point radiation source 25, resulting in
failure to reach the intended radiation detector 21, thereby
disabling acquisition of transmission data 1n such region. The
condition 2 1s that the point radiation sources 2a-256 do not
irradiate the same region of radiation detectors 21. If y-rays as
emitted from more than two different point radiation sources
fall onto the same radiation detector 21 then 1t 1s no longer
possible to specily that the detected y-ray 1s emitted from
which one of the point radiation sources. In order to acquire
the transmission data based on the information of energy of
the v-ray that passed through the examinee 14 and the position
information of a point radiation source that emitted the y-ray,
in the case of failing to satisty the condition 2, 1t becomes
impossible to obtain the transmission data. A maximal value
of FOV 1n the case of the point radiation sources 2a-25 being
disposed to satisly the above-stated two conditions 1is
obtained by using the x-y coordinates shown in FIG. 6B.
Letting the rotation radius of point radiation source 2a, 2b be
r, the y-ray emitted from each of them 1s shaped by the
radiation release window to have a cone shape with a fan
angle 0. The point radiation source 2a 1s placed at a position
with 1ts coordinate (x,y)=(0,r).

The emission range of point radiation source 2a becomes
an arca which 1s surrounded by a line segment coupling the
point radiation source 2q and a point A, a line segment cou-
pling the point radiation source 2a and a point B, and an arc
AB. The coordinates of the point A and point B are given as:

) W ) N 0 |

The emission range of point radiation source 25 1s an area that
1s surrounded by a line segment coupling the point radiation
source 26 and a point C, a line segment coupling the point
radiation source 2b and a point D, and an arc CD. To satisiy
the condition 2, 1t 1s necessary to dispose the point radiation
source 2b so that the arc CD which 1s the emission range of
point radiation source 26 does not overlap the arc AB of the
emission range of point radiation source 2a. In case the point
D that 1s a one end of the emission range of point radiation
source 2b 1s made 1dentical to the point B that 1s one end of the
emission range of point radiation source 2a (FIG. 6A), the
coordinates of the point C and point D are given by:

ool gm0 oo 30} snl5+9]
COS Eﬂ- 51 iﬂ- . COSs Eﬂ' . 511 E.ﬂ' .

By placing the point radiation source 26 so that the point C
that 1s one end of the emission range of point radiation source
2b 1s 1dentical to the layout position of the point radiation
source 2a (FI1G. 6B), 1t 1s possible to satisiy the condition 1
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while at the same time enabling maximization of the arc AC
of the emission ranges of point radiation sources 2a-2b. In
other words, when the fan angle of point radiation sources
2a-2b1s 0=m/3, the arc AC becomes maximal 1n length, result-
ing FOV also being at its maximum value. FOV 1s represent-
able by Expression (3). The maximum value of FOV becomes

equal to r.

< (3)

FSIin—

Referring to FIG. 9, comparison 1s made of the imaging,
field-of-view of transmission 1image pickup 1n the case of the
simple layout of two point radiation sources 2a-2b and that 1n
the case of this embodiment. The abscissa axis of this graph 1s
the radiation source position regarding the axial direction z of
the opening 17 1n case the installation range d of radiation
detectors 21 1n the axial direction of the opening 17 1s set to 1
(by taking account of the symmetricity ol the radiation source
layout, it 1s represented by the position of only one point
radiation source, so the z’s takable range 1s 0=z=0.5). The
longitudinal axis indicates the rate of practically imagable
field-of-view when the maximum value (d for AFOV, and 2#
tor FOV) of attainable imaging field-of-view 1s setat 1. Since
AFOV 1s the same 1n the case of using this embodiment and in
the case of the simple layout, such 1s indicated by “AFOV
(common).” Regarding FOV, let the case of using this
embodiment be FOV_flash whereas the case of the simple
layout 1s indicated by FOV_conventional. When comparing
the simple layout and this embodiment for FOV, the both are
the same as each other 1n value of the longitudinal axis in a
region of less than or equal to 3. However, when the abscissa
axis value becomes greater than 14, the longitudinal axis
value of the simple layout 1s kept at a constant value (longi-
tudinal axis 1s 0.5) whereas the longitudinal axis 1in the case of
this embodiment takes a value falling within a range of from
0.5 to 1.0. To make a long story short, a wide 1maging field-
of-view 1s obtained which 1s one to two times greater than the
maximum FOV that 1s obtainable by the simple layout. Prac-
tically, when the point radiation source rotation radius r 1s 700
mm, the FOV maximum value of the simple layout 1s 350
mm; 1n contrast, the use of this embodiment makes 1t possible
to provide an increased range of from 350 mm to 700 mm.

According to this embodiment, it 1s possible to obtain
advantages and etlects which follow.

(1) In this embodiment, more than two point radiation sources
are used while providing control for permitting radiation of
v-ray Irom one of these point radiation sources. Owing to

this feature, it 1s possible to attain a wide field-of-view,

thereby making 1t possible to shorten a time required for the
transmission 1maging. As the time required for the trans-
mission imaging occupies one third of a total imaging time
of PET 1mage pickup, shortening the imaging time of the
transmission imaging results in a likewise decrease 1n time
required for PET diagnostic inspection of one examinee

14, which 1n turn leads to a decrease 1n workload of the

examinee 14 while making 1t possible to increase the per-

day inspectable number of examinees 14.

(2) As this embodiment 1s arranged to use a plurality of point
radiation sources while providing control for permitting
radiation of y-ray from one of these point radiation sources,
v-rays as emitted from more than two different external
radiation sources do not fall onto the same radiation detec-
tor 21 simultaneously. This makes 1t possible to accurately
determine that the y-ray detected by the radiation detector
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21 1s radiated from which one of the external radiation
sources involved. Whereby, 1t 1s possible to accurately
cvaluate the attenuation quality ol y-rays within the body of
examinee 14, thereby enabling achievement of higher
quantitatively 1n y-ray attenuation correction during emis-
s101 1maging.

(3) This embodiment 1s arranged so that the gearwheel 10
being engaged with the rack of the internal gear 8 1s rotated
by rotation of the rotational ring 5, causing the radiation
source holding rotational shaft 9 and the point radiation
source 2a, 2b plus the shield 4a, 4b to rotate 1n the interior
ol the radiation source housing 18 A, 18B. In other words,
the mechanism for forcing the external radiation sources
1a-15 and radiation source housing support rod 6 and oth-
ers to circulate (that 1s, revolves) around the opening 17 1s
employed to cause the radiation source holding rotational
shaft 9, point radiation source 2a, 25 and shield 4a, 456 to
rotate (1.e., spin) in the interior of the radiation source
housing 18A, 18B. Owing to this feature, 1t 1s no longer
required to provide a separate rotation mechanism for spin-
ning the point radiation sources 2a-2b. This makes it pos-
sible to simplily the arrangement of the external radiation
sources 1a-1b.

(4) In this embodiment the external radiation source 1a has
the radiation source housing 18 A for forming the radiation
release window 3a and the point radiation source 2a plus
the shield 45, wherein the point radiation source 2a and the
shield 4a are disposed within the radiation source housing
18A. Thus 1t1s possible to control y-ray as radiated from the
point radiation source 2a 1n such a way as to be released out
of the radiation release window 3a while being prevented
from emitting in the other regions.

(3) In this embodiment the shield 45 with the point radiation
source 2b being installed at its surface portion 1s attached
via the rotation shaft 9a to the shield 4a with the point
radiation source 2a being installed at a surface portion
thereot, wherein this shield 4a 1s attached to the radiation
source holding rotational shaft 9. As the radiation source
holding rotational shaft 9, shield 4qa, rotation shatt 9aq and
shield 45 are coupled respectively 1n this way, spinning the
radiation source holding rotational shaft 9 enables simul-
taneous self-rotation of the point radiation source 2a and
the point radiation source 2b. This avoids a need to sepa-
rately provide a rotation mechanism for spinning the point
radiation source 2a and a rotation mechanisms for spinning
the point radiation source 25, resulting 1n simplification of
the configurations of external radiation sources 1a-1b.

(6) In this embodiment the point radiation source 2a that 1s
installed at a surface portion of the shield 4a and the point
radiation source 25 that 1s installed at a surface portion of
the shield 45 are forced to spin whereby control 1s provided
for wrradiation of y-ray from any single external radiation
source. Owing to this arrangement, 1t 15 no longer neces-
sary to provide in the external radiation sources la-1b
shutters for control of the release of y-rays from the exter-
nal radiation sources 1a-1b. Thus the external radiation
sources 1a-15 are simplified 1in arrangement.

(7) As this embodiment 1s such that the point radiation source
2a and point radiation source 2b are installed at different
positions in the self-rotation direction of the radiation
source holding rotational shait 9, 1t 1s possible by permuit-
ting spinning ol these point radiation sources 2a-2b6 to
provide control for emission of y-ray from any single one of
the external radiation sources 1a-1b.

(8) In this embodiment the radiation source position detector
33 15 operatively responsive to receipt of a rotation angle
detection signal as output from the rotation angle detector
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34 for specifying which one of the external radiation

sources la-16 emits the y-ray. Due to this, it becomes

unnecessary to provide 1n any external radiation source a

device for monitoring and determining which one of the

external radiation sources presently radiates the vy-ray,
resulting 1n simplification of the arrangement of external
radiation sources.

(9) In this embodiment the external radiation sources 1a-15b
are respectively disposed along the length of the bed 15 and
arranged to revolute together around the opening 17 so that
it will never happen that the other external radiation source
15 1s disposed within the 1rradiation range of the y-ray from
the external radiation source 1a. Owing to this, the follow-
ing problem does not take place: the y-ray from the external
radiation source 1a 1s blocked by the radiation source hous-
ing 18B or else as provided at the external radiation source
15 and thus does not reach the radiation detector(s) 21,
resulting 1n failure of acquisition of the transmission data in
such region.

(10) This embodiment 1s arranged so that the radiation source
housing support rod 6 is attached to the rotational ring 5,
wherein the rotation of this rotational ring 5 causes the
external radiation source la, 15 to circulate around the
opening 17 (examinee 14). With such an arrangement, a
need 1s avoided to provide a rail or rails for revolution of the
external radiation sources la-15 between the radiation
detectors 21 and the opening 17. In short, a problem no
longer occurs as to unwanted blockage of the y-rays emit-
ted from the external radiation sources 1a-15 by such rails,
resulting 1n failure to reach the radiation detectors 21 to
thereby disable acquisition of the transmission data in such
region.

(11) This embodiment uses as the point radiation source 2a a
single photon emission nuclear species which radiates
v-rays having an energy different from the energy of the
v-ray to be emitted due to the radiopharmaceutical that was
cumulated within the body of examinee 14. This makes 1t
possible for the PET apparatus 100 to distinguish between
ay-ray detection signal due to the y-ray as emitted from the
point radiation source 2a and a y-ray detection signal due to

the v-ray emitted from within the body of examinee 14;

thus, 1t 1s possible to reduce unwanted mixture of data
between transmission and emission even when employing
the post-injection method.

In this embodiment the shield 4a that 1s fixed to the radia-
tion source holding rotational shaft 9 and the shield 45 fixed
to the rotation shait 9a are provided. However, 1t 1s also
permissible to avoid the use of such shields 4a-45 and employ
an arrangement using a material having its function of shield-
ing an entirety of the radiation source holding rotational shaft
9. In this case also, similar advantages to those of this embodi-
ment are obtainable.

Embodiment 2

A radiological imaging apparatus in accordance with
another embodiment of this invention will be described while
referring to the accompanying drawings. The radiological
imaging apparatus of this embodiment will be explained by
taking as an example a PET apparatus having three external
radiation sources using °’Cs (cesium 137) that is a single
photon emission nuclear species.

The PET apparatus 100A of this embodiment has an
arrangement which replaces the external radiation sources
1a-1b6 1n the PET apparatus 100 of the embodiment 1 by
external radiation sources 1c¢, 1d and 1e. The external radia-
tion source 1c has a radiation source housing 18C, a trans-
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mission-use point radiation source (*>’Cs, to be referred to as
point radiation source hereinaiter) 2¢, and a shield 4¢. The
external radiation source 14 has a radiation source housing
18D, a point radiation source of '*’Cs 2d and a shield 4d. The
point radiation source 24 that 1s provided at a surface portion
of the shield 44 1s disposed at a position being 120-degree
ollset relative to the point radiation source 2¢ 1n the rotation
direction of the radiation source holding rotational shait 9.
The external radiation source 1e has a radiation source hous-
ing 18E, a >’ Cs point radiation source 2e and a shield 4e. The
point radiation source 2e that 1s provided at a surface portion
of the shield 4e 1s placed at a location being 120°-shitted
relative to the point radiation source 24 in the rotation direc-
tion of radiation source holding rotational shaft 9. The point
radiation source 2¢ that 1s provided at a surface portion of the
shield 4¢ 1s situated at a position being 120°-shifted relative to
the point radiation source 2e in the rotation direction of radia-
tion source holding rotational shaft 9. The remaining parts of

the PET apparatus 100A are similar to those of the PET
apparatus 100. In this embodiment also, a y-ray 1s emitted
from any one of the external radiation sources 1¢, 1d and 1e at
a time.

The imaging field-of-view which 1s realizable when per-
forming transmission 1mage pickup using the external radia-
tion sources lc, 1d and le of this embodiment will be
described. In this embodiment, a coordinate axis in the hori-
zontal direction passing through a center point O of the open-
ing 17 1s regarded as an x axis while letting a coordinate axis
in the vertical direction penetrating the center O be y axis and
letting a coordinate axi1s 1n the axial direction of opening 17 be
7z axis. In this embodiment the 1nstallation range of radiation
detectors 21 along the length of the bed 15 1s given as d while
letting the rotation radius of circulation of the point radiation
source 2¢, 2d, 2e around an examinee 14 be r (see FI1G. 8). The
point radiation source 24 1s disposed at a mid point (1.e., point
with i1ts z coordinate of d/2) of the installation range of radia-
tion detectors 21; the point radiation source 2c¢, 2e are sym-
metrically laid out with the point radiation source 24 being as
the center therebetween. Using this symmetrical layout
makes it possible to achieve equalization of y-ray radiation

regions of the point radiation sources 2¢-2e, thereby enabling
cach to be equal 1n FOV to the others.

As shown 1n FIG. 8, the point radiation source 2¢ radiates
avy-ray toward inside of a region which 1s defined between two
straight lines extending from the point radiation source 2c.
The point radiation source 2d emits a y-ray toward 1nside of a
region that 1s between two straight lines extending from the
point radiation source 2d. The point radiation source 2e gives
oll ay-ray toward inside of aregion between two straight lines
extending therefrom. In brief, the point radiation source 2c,
2d, 2e radiates y-ray to a line source AB on Z axis. The
coordinates of points A and B on Z axis are A(z/2,0) and
B(d-z./2,0). AFOV 1s the length of line segment AB and thus
1s representable by Expression (4) below. FOV may be given
by d-z_. Although FOV 1s different on the longitudinal cross-
sectional plane of the examinee 14 along the length of the bed
15, the minimum value of FOV may be represented as Expres-
s1on (S5) below.

d — 7, (4)
2r(1 +2(Z5/d)] &)
3-2zs/d)
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In case y-rays are simultaneously radiated from three point
radiation source 2¢, 2d, 2e which are simply disposed 1n the
circumierential direction of opening 17 within the 1maging
11, a realizable imaging field-of-view 1s obtained for com-
parison to the imaging field-of-view of this embodiment. In
the case of the point radiation sources 2¢-2e being simply
disposed to satisiy the above-noted conditions 1 and 2, FOV
1s representable by Expression (3) 1n a similar way to the
embodiment 1. Thus the maximum value of FOV becomes r.

Using FIG. 10, comparison 1s made of the transmission
imaging ficld-of-view in the case of the simple layout of three
point radiation sources 2¢, 2d and 2e and that 1n the case of
this embodiment. The abscissa axis of this graph 1s the radia-
tion source position as to the long-side direction z of the bed
15 1n case the installation range d of radiation detectors 21
along the length of bed 15 1s set at 1 (1in light of the sym-
metricity of the radiation source layout, it 1s represented by
the position of only one radiation source, so the z’s takable
range 1s 0=z=0.5). The longitudinal axis indicates the rate of
really imagable field-of-view when the maximum value (d for
AFOV, and 2r for FOV) of attainable imaging field-of-view 1s
set to 1. Because of the fact that AFOV 1s the same 1n the case
of using this embodiment and 1n the case of the simple layout,
this 1s mndicated by AFOV(common). Regarding FOV, let the
case of using this embodiment be FOV _{flash, while the case
of the simple layout 1s given as FOV_conventional. As 1n the
embodiment 1, according to this embodiment, 1t 1s possible to
obtain, 1n a region with the abscissa axis value becoming
equal to Vs or greater, a wide imaging field-of-view that 1s one
to two times greater than that of the simple layout.

According to this embodiment, 1t 1s possible to obtain the
above-stated advantages (1) to (11) attainable 1n the embodi-
ment 1.

Although 1n the first embodiment and second embodiment
the point radiation sources are comprised of '°’Cs, this may

be replaced by any one as selected from the group consisting
of °>’Co (cobalt 57), " Tc (technetium 99m), '**"Te (tellu-

rium 123m), *°?Ce (cerium 139), >°Gd (gadolinium 153),
**! Am (americium 241), and **Na (sodium 22).

While 1n the first and second embodiments the explanation
thereol are given while taking as an example the emission/
transmission simultaneous collection method (E'T coinci-
dence collection method) which performs both the transmis-
sion 1maging and the emission 1maging at a time, the same
may also be applicable to post-injection methods for continu-
ous execution of the transmission 1imaging and the emission
imaging.

It should be further understood by those skilled 1n the art
that although the foregoing description has been made on
embodiments of the invention, the invention 1s not limited
thereto and various changes and modifications may be made
without departing from the spirit of the mvention and the
scope of the appended claims.

The mvention claimed 1s:

1. A radiological imaging apparatus, comprising:

an 1maging apparatus with an opeming being formed for

insertion of a bed thereinto; and
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an attenuation correction data creation device,

wherein said imaging apparatus includes a plurality of
radiation detectors disposed around said opening and a
plurality of gamma ray generation means residing
between said opening and said radiation detectors as
placed at a position nearest to said opening and being
disposed 1n a longitudinal direction of said bed,

wherein said plurality of gamma ray generation means
respectively comprises gamma ray sources each being a
single photon emission nuclear species and being
arranged to alternately radiate a gamma ray from any
one of said gamma ray generation means to 1ts outside 1n
propagation for said opening,

wherein said attenuation correction data creation device 1s
operative to create attenuation correction data based on
a detection s1gnal as output from said radiation detectors
due to 1ncoming radiation of the gamma ray to be emut-
ted from said gamma ray generation means.

wherein each said gamma ray generation means has a
housing which 1s a radiation shield surrounding said
gamma ray source, and wherein said housing forms a
release window for releasing said gamma ray emitted
from said gamma ray source toward said opeming; and

the radiological imaging apparatus further comprising:

a support member for supporting a plurality of housings
each being similar in structure to said housing;

a rotator with said support member being attached thereto,
for rotating to thereby cause said support member to
circulate around said opening; and

a radiation source holding member with said gamma ray
source attached thereto, for rotating within said housing
to permit said gamma ray from said gamma ray source to
travel toward said opening.

2. The radiological imaging apparatus according to claim

1, turther comprising;:

a drive device for performing rotation driving of said rota-
{or;

an internal gear with a rack being formed therein; and

a gearwheel provided at said radiation source holding
member for being engaged with said rack and rotatable
due to the rotation of said rotator.

3. The radiological imaging apparatus according to claim
1, wherein respective one of said plurality of gamma ray
sources are disposed at different positions in the rotation
direction of said radiation source holding member.

4. The radiological imaging apparatus according to claim
1, turther comprising;:

a radiation shield provided at said radiation source holding,
member for shielding, when said point radiation source
1s at a position other than said release window, a gamma
ray emitted from said point radiation source to thereby
prevent 1t from being radiated from said release window.

¥ ¥ H ¥ H
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